Aim To compare the blood glucose-lowering effect of a highly viscous fiber blend (VFB) added to a starchy snack on postprandial glycemia between healthy participants and participants with diabetes mellitus.
Despite significant achievements in treatment modalities and preventive measures, the incidence of diabetes mellitus has been exponentially increasing (1) . Reduction in both fasting and prolonged postprandial glycemia is of paramount importance in the disease prevention and the delay of diabetic complications (2) (3) (4) (5) . Blood glucose concentration can be reduced by dietary means and may be influenced by factors such as type and amount of carbohydrate, nature of starch, quantity of protein and fat, dietary fiber content, method of food processing, particle size, and food form (2) . Foods with a low glycemic index, such as beans, lentils, and chickpeas, as opposed to highly refined foods with high glycemic index, including white bread, biscuits, or breakfast cereals, will slow absorption of glucose from the diet. Prospective studies have shown that people consuming diets with a lower glycemic index are less likely to develop diabetes compared with those with a high glycemic index diets (6, 7) . Glycemic index is a measure of the blood glucose-raising ability of the available carbohydrate in foods and is proposed as an additional tool in the management of diabetes (2) . Although evidence is not conclusive (8) and individual differences occur, many prospective studies and clinical trials have shown that low-glycemic index diets may reduce the risk of developing diabetes and cardiovascular disease, improve glycemic control in diabetes, increase insulin sensitivity, and regulate body weight (3) (4) (5) . In some countries, including the United Kingdom and Australia, nutritional advice for people with diabetes specifically promotes the consumption of foods with a low glycemic index (9) . The World Health Organization concluded that low glycemic index diets are a possible factor in helping to reduce the risk of type 2 diabetes mellitus and obesity (10). High postprandial plasma glucose level can increase severity of diabetes mellitus (3) and it is generally agreed that the foods which do not raise the blood glucose level greatly, at least for a given carbohydrate content, are most suitable for individuals with type 2 diabetes mellitus (8) . Lower postprandial glycemia or consumption of low glycemic index foods may also be of benefit for healthy individuals.
Similarly, high fiber diets have been recommended for the general population (11) and for the nutritional management of patients with type 2 diabetes mellitus (8) . Soluble dietary fiber retards digestion and absorption of the associated dietary carbohydrate, thus flattening the postprandial rise in plasma glucose and insulin concentrations (12) . Some foods, like beta-glucan fiber-containing oats and barley and soluble fiber isolates such as pectin, guar, psyllium, or glucomannan, added to starchy foods, due to a high level of viscosity, have the greatest blood glucose-or glycemic index-lowering effect (13) . Fiber itself does not have a glycemic index value as it does not contain any available carbohydrate, but the addition of fiber to carbohydrate-containing foods can affect the glycemic index of the food. To quantify this effect, the measuring of Glycemic Reduction Index Potential (GRIP) has been proposed. GRIP predicts the reduction in glycemic index units/gram of fiber, which is to be expected when fiber is added to a food (14) . For example, the GRIP of beta-glucan fiber from oats was found to be 4, ie, 1 g of added beta-glucan will reduce the glycemic index of various starchy foods by 4 glycemic index units (14) .
The highly viscous fiber blend added to the studied biscuit formulation is a blend of complementary highly viscous soluble fibers (polysaccharides) that act synergistically to develop an induced viscosity that is several times higher than the viscosity of any other known fiber in nature, including viscosity of the individual fibers in the viscous fiber blend formulation. One of the main components of the viscous fiber blend is glucomannan, a glucosemannose polysaccharide obtained by grinding the tuber root of Amorphophallus Konjac C. Koch, a plant that has been used as food and remedy for thousands of years in the Far East. Highly refined glucomannan is approximately 3 times more viscous than guar and approximately 7 times more viscous than psyllium or pectin. The viscosity of the viscous fiber blend is further amplified by the combination of soluble fibers to a viscosity 3-5 times higher than glucomannan alone (15) . Earlier research has shown that the higher viscosity in vitro directly corresponded to lower blood glucose (15, 16) . Supplementation of the diet with viscous fiber blend demonstrated reductions in blood lipids, systolic blood pressure, and improvements in long-term blood glucose regulation in type 2 diabetes mellitus and metabolic syndrome participants (17, 18) . Although these results were encouraging, they were confined to a research setting only, as viscous fiber supplements were not readily available and translation into practical applications was therefore limited. However, recently interest in supplementation has re-emerged as commercially produced, viscous fiber products are again emerging in use. Whether this particular viscous fiber blend could potentially be beneficial for others besides those with diabetes is unknown.
Twenty years ago we conducted a study with the aim to investigate whether viscous fiber blend incorporated into a common snack food would reduce the postprandial blood glucose response equally in healthy participants and individuals with type 2 diabetes mellitus. This question seems especially relevant today in light of the ever increasing burden of diabetes worldwide (1) and where readily available, high-fiber, low-glycemic index snack foods may therefore be a useful addition to the armamentarium for the treatment and prevention of disease. , known history of kidney disease, hepatitis, diabetes mellitus, gastrointestinal disease or a heart disease, participants using medications or fiber supplements, or those who could not comply with the experimental procedures were excluded. The other group included three men and six non-pregnant women with documented type 2 diabetes mellitus of at least 6-month duration without clinically manifest complications, aged 18-75 years (median, 68), with BMI 28.8 (range, 26.4-31.2) kg/m 2 . Individuals with liver or kidney disease, BMI>30 kg/m 2 , gastrointestinal problems, using fiber supplements, or those who could not comply with the experimental procedures were excluded. Six individuals with diabetes were taking insulin and three were controlled with oral agents.
Subjects and methods

Subjects
The number of participants in this study provides a reasonable degree of power and precision for most purposes of measuring glycemic index (19) , which was the primary out-come of this study. The study was approved by the Human Subjects Review Committee of the University of Toronto and written informed consent was obtained from all participants before the beginning of the study.
Study design
The study used a randomized, controlled, single-blind, four-arm crossover design in which participants acted as their own controls within each group. Subjects in both groups each underwent four treatments on separate days with at least three days between consecutive testing sessions. On each test day, participants came to the Day Care Unit at St Michael's Hospital in the morning after a 12-hour overnight fast. The volunteers with type 2 diabetes mellitus took their normal morning insulin dose or oral agents approximately 5-10 minutes before eating. After being weighed and having a fasting blood sample obtained by finger-prick, participants consumed a test meal over 10-15 minutes with 200 or 400 mL tea or coffee containing 30 or 60 mL of 2% butterfat milk, depending on preferences. The type and amount of the beverage was kept constant for each participant. Further blood samples were obtained at 15, 30, 45, 60 , and 90 minutes after the start of the meal in healthy volunteers and at 30-minute intervals for three hours in participants with diabetes. The difference in timing of the blood samples is a reflection of the time for the blood glucose levels to return to baseline in the two populations and is based on the typical glycemic index protocol described previously (2, 14) . After the last blood sample was obtained, the participants were offered a snack and then permitted to leave.
Test meals
The test meals consisted of portions of the test food (viscous fiber blend biscuit containing 9.9 g of the viscous fiber blend) or control foods containing 50 g available carbohydrate (defined as total carbohydrate minus dietary fiber). Viscosity of the viscous fiber blend was estimated to be 700 poise, as measured with a viscometer (Brookfield R.V.T. viscometer; DW Brookfield Ltd, Cooksville, Canada) at a concentration of 1% and a shear rate of 1/30 seconds with a spindle type "F." The total fiber content of viscous fiber blend is 95% (approximately 70% glucomannan and 30% xanthan), of which 98% is water soluble. Viscous fiber blend is a proprietary fiber blend (Vuksan's US patent 7 326 404), and the prototype of the commercially available viscous fiber blend called PGX ® (PolyGlycopleX, InovoBiologic Inc., Calgary, Canada). The control foods included control biscuits, which were identical to the test biscuits except that they did not contain any viscous fiber blend, standard white bread plus 11.9 g of margarine, and on three occasions standard white bread alone. The white bread with 12 g of margarine meal was added as a positive control to address the possible effect on postprandial glycemia by the additional fat in the test cookies compared with white bread alone. Test and control biscuits were produced by Dicofarm Spa (Roma, Italy). White bread was used for glycemic index calculations. The bread was prepared in a bread maker in the experimental kitchen of the nutrition department, such that each bread portion contained 66.8 g white flour (Monarch all purpose flour, Maple Leaf Mills, Toronto, Canada).
The portion sizes were calculated based on the results of macronutrient analysis. The macronutrient content of the test and control foods (Table 1) was determined by standard methods (20) .
Palatability of each meal was assessed at 30 minutes using a bi-polar 7 point ordinal scale from -3 (unpleasant) to +3 (very desirable), with 0 being neutral (21) . Therefore, the higher the number, the higher is the perceived palatability of the product.
Blood glucose analysis
Finger-prick blood samples (2-3 drops each) were collected into fluoro-citrate tubes. Blood was immediately stored at -20°C before analysis. Analysis for glucose was conducted within three days from collection by the glucose oxidase method (22) using YSI analyzer model 27 (Yellow Springs Instruments, Yellow Springs, OH, USA).
Statistical analysis
The primary outcome measured was the glycemic index. The glycemic index was calculated by expressing each participant's glucose incremental area under the curve (AUC) for the test food as a percentage of the same participant's average response after reference white bread (19) . Incremental AUC for blood glucose were calculated geometrically using the trapezoid rule and ignoring the area beneath the baseline. Results are reported as mean ± standard error of the mean (SEM) or 95% confidence intervals (CI). The significance of differences was calculated using a paired t test within the groups and t test between the groups. Differences were considered significant at P < 0.05. In addition, the GRIP of the fiber was calculated for both subject groups.
Results
Generally, all test meals were well accepted (Figure 1 ). No differences in palatability between the types of meals were significant. Subjects with diabetes found the viscous fiber blend biscuits more palatable than did the healthy individuals (P = 0.002, t test).
No significant differences were found between mean fasting blood glucose values be- Mean glycemic index values of the viscous fiber blend biscuits were 26 (CI, 16-36) and 37 (CI, 27-47) for healthy participants and participants with diabetes, respectively. These values were significantly lower than for the white bread, white bread with 12 g of margarine, and control biscuits (P < 0.001, paired t test) both in healthy participants and participants with Figure 1 . Palatability of the viscous fiber blend biscuits and control meals using a bi-polar 7-point ordinal scale ranging from -3 to +3 (21) . Data are expressed as mean ± standard error of the mean. *P < 0.05 (t test, compared with healthy participants). Closed bars -control white bread biscuits; striped bars -control white bread and margarine biscuits, gray bars -control biscuits; open bars -fiber blend biscuits.
diabetes ( Figure 2 indicating that fat, at the level found in the biscuits, had no effect on the glycemic response. The blood glucose response to viscous fiber blend was significantly lower than to white bread in both healthy volunteers ( Figure 3 ) and participants with diabetes ( Figure 4 ). Differences were significant at 30, 45, 60, and 90 minutes in healthy participants ( Figure 3 ) and at 30, 60, 90, 120, 150, and 180 minutes in participants with diabetes ( Figure 4 ). There were no differences in blood glucose response between white bread, white bread with 12 g of margarine, and control biscuits in either group.
Discussion
Our study demonstrated that the highly viscous fiber blend added to biscuits had 2-fold benefits to its consumers. It increased dietary fiber intake and reduced glycemic index value of snack to a similar extent in both healthy and diabetic participants. Viscous fiber blend reduced the glycemic index by 74% in healthy participants and by 63% in participants with diabetes, which corresponds to a GRIP of 7.4 and 6.3 glycemic index units/g of fiber, respectively, compared with white bread control. This is a considerably stronger effect on a gram basis than has been reported for other soluble fibers such as psyllium, glucomannan alone, beta-glucan, guar, pectin, and flax (14, (23) (24) (25) (26) . These findings are similar to our results from another study where GRIP of the novel viscous polysaccharide, PGX ® was determined when added to white bread. Using the classification of Brand-Miller (27) , the viscous fiber blend enriched biscuits could be classified as a "low glycemic index" food (glycemic index ≤55), while the control biscuits are classified as "high glycemic index," even though they are identical in composition except that control biscuits do not contain viscous fiber blend. Postprandial blood glucose response to the viscous fiber blend (VFB) biscuits and control meals in healthy participants. Data are expressed as mean ± standard error of the mean. Rhombs -control white bread; squares -control white bread plus margarine; triangles -control biscuits: circles -VFB biscuits. *P < 0.05 (compared with control white bread). P value calculated using paired t test. Figure 4 . Postprandial blood glucose response to the viscous fiber blend (VFB) biscuits and control meals in participants with type 2 diabetes mellitus. Data are expressed as mean ± standard error of the mean. Rhombs -control white bread; squares -control white bread plus margarine; triangles -control biscuits: circles -VFB biscuits. *P < 0.05 (compared to control white bread). P value calculated using paired t test.
The limitation of our study is certainly the date the study. The population characteristics may have changed since 1989, but the shift would have been mainly in the healthy group, which may now be heavier and some participants would perhaps have impaired glucose tolerance status. If anything, this would have made the groups more similar. The strength of the study lies in the fact that the characteristics of the two subjects groups are so different, which make the results even more convincing. The two subject groups were selected to reflect individuals with very different glucose tolerance status to assess applicability of the viscous fibers blend in different population groups. This study, therefore, demonstrates that despite the difference in age, body weight, and glucose tolerance status between the two subject groups, the blood glucose-lowering effect was comparable, indicating that the viscous fiber blend enriched snack can be used universally. Not all studies have reported similarity in blood glucose lowering-effect of low glycemic index foods between healthy participants and participants with diabetes, but some have (28, 29) . Exaggerated postprandial glycemia puts healthy individuals at greater risk of developing diabetes and cardiovascular disease. In large prospective observational studies, higher 2-hour postprandial blood glucose predicted cardiovascular mortality and morbidity in individuals without diabetes (30) . These findings imply that the glycemic nature of dietary carbohydrates is also relevant for healthy participants.
Many clinical studies have evaluated the acute effects of supplemental fiber on glycemic control (31) . Oat beta-glucan, a well recognized cardio-protective food, decreases the glycemic index of different carbohydrate foods in type 2 diabetes mellitus on average by 4 glycemic index units per gram of fiber (14) , which is considerably less than GRIP of 7 per gram of viscous fiber blend added in this study. In another study, purified glucomannan (1 g), taken before performing the oral glucose tolerance test (OGTT), has been shown to lower the rise of blood glucose from 1 to 2 hours by modest 10% in comparison with the placebo (25) . Enzymatically induced guar gum (5 g) caused a 20% reduction in a relative glycemic response in 3-hour meal glucose tolerance tests in nondiabetic participants (24), and peak blood glucose values as well as area under the curve were improved by ingestion of flax fiber (15 g) in healthy participants (26) . However, not all soluble fibers can affect postprandial glucose. It has been shown that in healthy adults, agar and pectin have no impact on the postprandial glucose response, although they can delay gastric emptying (23) .
There is no sufficient information to conclude that low-glycemic load diets reduce the risk for diabetes, but low-glycemic index foods that are rich in fiber and other important nutrients are to be encouraged (8) . A meta-analysis of randomized controlled trials (4) has shown that choosing low-glycemic index foods in place of conventional or highglycemic index foods has a clinically useful effect on medium-term glycemic control in patients with diabetes, with the incremental reduction of glycated proteins by 7.4%, a benefit which is similar to pharmacological agents, such as Acarbose. The larger the divergence of glucose metabolism from the norm, the larger the effect of lower glycemic index and glycemic load interventions (32) . A systematic review of cohort studies (33) demonstrated that consumption of dietary fiber and grain was inversely correlated and glycemic index and glycemic load were positively correlated with the incidence of type 2 diabetes mellitus. Furthermore, it has been shown that a low-glycemic index diet can alter beta cell function, lipid profile, and hypercoagulability (34) . In addition, low glycemic meals can promote a postprandial metabolic milieu that is favorable for reduced food consumption, which may be advantageous in the control of obesity and insulin resistance (35) .
Among the various classes of processed starchy foods, wheat-based products exhibit a wide range of glycemic and insulinemic responses. Garsetti et al (36) showed that the glycemic index and insulinemic index of plain sweet biscuits were correlated with in vitro starch digestibility and are dependent on the type of processing. However, it has also been shown that it is not the processing but rather the addition of fiber that has an evident effect on the glycemic index of biscuits (37) . The processing techniques used to manufacture the biscuits for our study did not have a significant effect on their glycemic response, as indicated by the similar glycemic index values for bread with margarine and the control biscuits. Thus, processing was unlikely to contribute to the low glycemic responses of the viscous fiber blend enriched biscuits, as shown by some other authors (38) . Soluble dietary fibers have been shown to alter food texture, structure, and viscosity, and, therefore, the rate of starch degradation and digestion (39), which is related to the regulation of postprandial glucose levels. It has been shown that viscous fibers, as a result of their rheological properties, or high viscosity, form a gel with the food and human digesta and consequently reduce peaks in postprandial plasma glucose concentrations in both healthy and diabetic participants, in positive relation to their level of viscosity (15, 16, 40, 41) . Insoluble fibers, such as cellulose and wheat bran, have little effect (42) . Viscous fiber exerts its effect by delaying digestion and absorption of glucose to the blood (43) . In addition, the rate of diffusion of glucose from glucose/fiber mixtures in vitro is proportional to the viscosity of the fiber solution (13) . Thus, it is to be expected that fibers in a higher-viscosity blend would have a marked blood glucose-lowering effect.
Dietary fat has been shown to reduce postprandial glycemia; this effect has been suggested to be due to either delayed gastric emptying (43) or the "ileal brake" mechanism (44) . However, the amount of fat required to achieve reduced gastrointestinal motility is large, approximately 50% of calories or more. As the fat content of the biscuits was less than that, fat is unlikely to have contributed to the low glycemic response of the viscous fiber blend-enriched biscuits. This is confirmed by the lack of differences between the glycemic response to white bread and to white bread with 12 g of margarine or the control biscuits. Thus, it is likely that the low glycemic index of the viscous fiber blend biscuits was due to the formation of a complex physical link between starch and viscous fiber blend added (45) .
Current dietary recommendations for type 2 diabetes mellitus (8) emphasize increasing the carbohydrate content of the diet to 50% of energy, dietary fiber to over 25 g/d, and reducing fat to 30%. It is also recognized that sucrose, in moderate amounts, is not necessarily contraindicated. The viscous fiber blend biscuits, with a fat content of 30% and 10 g of viscous dietary fiber are, therefore, in line with these recommendations. In view of their moderate fat content and very low glycemic response, they may be used to replace fiber depleted high fat snack foods.
Since the postprandial glucose is an independent risk factor of cardiovascular disease, snack foods containing viscous fiber blend, which is able to reduce the magnitude of postprandial glucose rise, and at the same time is rich in dietary fiber, may be helpful in reducing the risk of cardiovascular disease. We have previously shown that viscous fiber blend added to conventional treatment may ameliorate blood lipid profile, long-term glycemic control, and systolic blood pressure in high-risk diabetic individuals, possibly improving the effectiveness of conventional treatment in type 2 diabetes mellitus (17) . A diet rich in viscous fiber blend also improved lipid profile and longterm glycemic control in the insulin resistance syndrome, suggesting its therapeutic potential (18) .
The emphasis on the importance of fibers in the diet is pressuring food companies to develop fiber-enriched products. However, adding considerable amounts of fiber to a food is sometimes associated with reduction of palatability (46) and the challenge to the food industry is to accomplish this goal without sacrificing the organoleptic appeal. No significant change in palatability of the viscous fiber blend biscuits was observed in our study between the types of biscuits. Interestingly, participants with diabetes found the biscuits with viscous fiber blend more palatable than did healthy individuals. This may have been, however, a reflection of the 20-year age difference between the two groups with the older, diabetic individuals, giving generally higher scores. Nevertheless, the acceptability of the product points toward the possibility of developing viscous fiber blend-enriched products tailored specifically for people with diabetes.
While the small sample size and the acute nature of the study limit the generalizability of the results, future research with an expanded sample size and the inclusion of overweight and obese participants, focusing on examining the caloric intake and satiety subsequent to meals containing viscous fiber blend, could yield important new insights into preventive dietary strategies.
In conclusion, viscous fiber blend is a potent soluble fiber which is able to reduce the glycemic response in both healthy individuals and participants with type 2 diabetes mellitus. The fat content of the viscous fiber blend biscuits is below 30%, which complies with the level currently recommended for the diets of patients with diabetes. In view of their very flat glycemic responses, these biscuits and possibly other products fortified with viscous fiber blend, may have an advantage in replacing other snack foods in the diet of individuals with type 2 diabetes mellitus. Finally, foods enriched with viscous fiber blend may also be a useful addition to other strategies aimed to prevent development of disease in the healthy population.
